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PIC18FXX2

TABLE 2-2: CAPACITOR SELECTION FOR
CRYSTAL OSCILLATOR
Ranges Tested:
Mode Freq C1 Cc2
LP 32.0 kHz 33 pF 33 pF
200 kHz 15 pF 15 pF
XT 200 kHz 22-68 pF 22-68 pF
1.0 MHz 15 pF 15 pF
4.0 MHz 15 pF 15 pF
HS 4.0 MHz 15 pF 15 pF
8.0 MHz 15-33 pF 15-33 pF
20.0 MHz 15-33 pF 15-33 pF
25.0 MHz 15-33 pF 15-33 pF

These values are for design guidance only.
See notes following this table.

Crystals Used

32.0kHz | Epson C-001R32.768K-A | +20 PPM

200 kHz STD XTL 200.000KHz +20 PPM
1.0 MHz ECS ECS-10-13-1 +50 PPM
4.0 MHz ECS ECS-40-20-1 +50 PPM

8.0 MHz Epson CA-301 8.000M-C | + 30 PPM

20.0 MHz | Epson CA-301 20.000M-C | + 30 PPM

Note 1: Higher capacitance increases the stability
of the oscillator, but also increases the
start-up time.

2: Rs may be required in HS mode, as well
as XT mode, to avoid overdriving crystals
with low drive level specification.

3: Since each resonator/crystal has its own
characteristics, the user should consult the
resonator/crystal manufacturer for appro-
priate values of external components., or

verify oscillator performance.

An external clock source may also be connected to the
OSC1 pin in the HS, XT and LP modes, as shown in
Figure 2-2.
FIGURE 2-2: EXTERNAL CLOCK INPUT
OPERATION (HS, XTORLP
OSC CONFIGURATION)

Clock from ~>@—> 0SC1
Ext. System PIC18FXXX

Open «—— OSC2

2.3 RC Oscillator

For timing-insensitive applications, the “RC” and
“RCIO” device options offer additional cost savings.
The RC oscillator frequency is a function of the supply
voltage, the resistor (REXT) and capacitor (CEXT) val-
ues and the operating temperature. In addition to this,
the oscillator frequency will vary from unit to unit due to
normal process parameter variation. Furthermore, the
difference in lead frame capacitance between package
types will also affect the oscillation frequency, espe-
cially for low CEXT values. The user also needs to take
into account variation due to tolerance of external R
and C components used. Figure 2-3 shows how the
R/C combination is connected.

In the RC Oscillator mode, the oscillator frequency
divided by 4 is available on the OSC2 pin. This signal
may be used for test purposes or to synchronize other
logic.

Note: If the oscillator frequency divided by 4 sig-
nal is not required in the application, it is
recommended to use RCIO mode to save

current.
FIGURE 2-3: RC OSCILLATOR MODE
VDD
REXT | |
nterna
L OsC! |K Clock
Cext lﬁl PIC18FXXX
€T =
Vss —
~=——— 0SC2/CLKO
Fosc/4

Recommended values:3 kQ < REXT < 100 kQ
CEXT > 20pF

The RCIO Oscillator mode functions like the RC mode,
except that the OSC2 pin becomes an additional gen-
eral purpose I/O pin. The I/O pin becomes bit 6 of
PORTA (RAG).
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PIC18FXX2

2.6 Oscillator Switching Feature

The PIC18FXX2 devices include a feature that allows
the system clock source to be switched from the main
oscillator to an alternate low frequency clock source.
For the PIC18FXX2 devices, this alternate clock source
is the Timer1 oscillator. If a low frequency crystal (32
kHz, for example) has been attached to the Timer1
oscillator pins and the Timer1 oscillator has been
enabled, the device can switch to a Low Power Execu-

FIGURE 2-7: DEVICE CLOCK SOURCES

tion mode. Figure 2-7 shows a block diagram of the
system clock sources. The clock switching feature is
enabled by programming the Oscillator Switching
Enable (OSCSEN) bit in Configuration Register1H to a
'0’. Clock switching is disabled in an erased device.
See Section 11.0 for further details of the Timer1 oscil-
lator. See Section 19.0 for Configuration Register
details.

PIC18FXXX

\Main Oscillator
osce [XH -

Tosc/4
4xPLL |

Tosc TscLK

XN

TT1P

Clock
Source

Clock Source option
for other modules
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TABLE 3-1: TIME-OUT IN VARIOUS SITUATIONS

. Power-up(z) Wake-up from
C;i?'ﬂ?;?izn p— p— Brown-out SLEEP or
9 PWRTE =0 PWRTE =1 Oscillator Switch
(2)
HS with PLL enabled™ 72 ms + 1024 Tosc 1024 Tosc 72 ms'“) + 1024 Tosc 1024 ToSC + 2 ms
+2ms +2ms +2ms
HS, XT, LP 72 ms + 1024 Tosc 1024 Tosc 72 ms® + 1024 Tosc 1024 Tosc
EC 72 ms — 72 ms®@ —
External RC 72 ms — 72 ms® —

Note 1: 2 ms is the nominal time required for the 4x PLL to lock.
2: 72 ms is the nominal power-up timer delay, if implemented.

REGISTER 3-1: RCON REGISTER BITS AND POSITIONS

R/W-0 U-0 U-0 R/W-1 R-1 R-1 RW-0  R/W-0
| pen | — | — | R | TO PD POR BOR
bit 7 bit 0

Note 1: Refer to Section 4.14 (page 53) for bit definitions.

TABLE 3-2: STATUS BITS, THEIR SIGNIFICANCE AND THE INITIALIZATION CONDITION FOR
RCON REGISTER

Condition Program | RCON | 5| 35 | Bp | POR | BOR | STKFUL | STKUNF
Counter Register

Power-on Reset 0000h 0--1 1100 1 1 1 0 0 u u
MCLR Reset during normal 0000h 0--u uuuu | u u u u u u u
operation

Software Reset during normal 0000h 0--0 uuuu | 0 u u u u u u
operation

Stack Full Reset during normal 0000h 0--u uull | u u u u u u 1
operation

Stack Underflow Reset during 0000h 0--u uull | u u u u u 1 u
normal operation

MCLR Reset during SLEEP 0000h 0--u 10uu | u 1 0 u u u u
WDT Reset 0000h 0--u Oluu | 1 0 1 u u u u
WDT Wake-up PC +2 u--u O0uu | u 0 0 u u u u
Brown-out Reset 0000h 0--1 11u0 | 1 1 1 1 0 u u
Interrupt wake-up from SLEEP PC+2M | u--u oouu| u 1 0 u u u u

Legend: u = unchanged, x = unknown, - = unimplemented bit, read as '0'

Note 1: When the wake-up is due to an interrupt and the GIEH or GIEL bits are set, the PC is loaded with the
interrupt vector (0x000008h or 0x000018h).

© 2006 Microchip Technology Inc. DS39564C-page 27
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TABLE 3-3: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)
MCLR Resets
Register Applicable Devices Power-on Reset, WDT Reset_ Wake-up via WDT
Brown-out Reset RESET Instruction or Interrupt
Stack Resets

ADRESH 242 | 442 | 252 | 452 XXXX XXXX uuuu uuuu uuuu uuuu
ADRESL 242 | 442 | 252 | 452 XXXX XXXX uuuu uuuu uuuu uuuu
ADCONO 242 | 442 | 252 | 452 0000 00-0 0000 00-0 uuuu uu-u
ADCONH1 242 | 442 | 252 | 452 00-- 0000 00-- 0000 uu-- uuuu
CCPR1H 242 | 442 | 252 | 452 XXKX XXXX uuuu uuuu uuuu uuuu
CCPRI1L 242 | 442 | 252 | 452 XXXX XKXXX uuuu uuuu uuuu uuuu
CCP1CON | 242 | 442 | 252 | 452 --00 0000 --00 0000 --uu uuuu
CCPR2H 242 | 442 | 252 | 452 XXKX XXXX uuuu uuuu uuuu uuuu
CCPR2L 242 | 442 | 252 | 452 XXXX XKXXX uuuu uuuu uuuu uuuu
CCP2CON | 242 | 442 | 252 | 452 --00 0000 --00 0000 --uu uuuu
TMR3H 242 | 442 | 252 | 452 XXXX XXXX uuuu uuuu uuuu uuuu
TMR3L 242 | 442 | 252 | 452 XXXX XKXXX uuuu uuuu uuuu uuuu
T3CON 242 | 442 | 252 | 452 0000 0000 uuuu uuuu uuuu uuuu
SPBRG 242 | 442 | 252 | 452 0000 0000 0000 0000 uuuu uuuu
RCREG 242 | 442 | 252 | 452 0000 0000 0000 0000 uuuu uuuu
TXREG 242 | 442 | 252 | 452 0000 0000 0000 0000 uuuu uuuu
TXSTA 242 | 442 | 252 | 452 0000 -010 0000 -010 uuuu -uuu
RCSTA 242 | 442 | 252 | 452 0000 000x 0000 000x uuuu uuuu
EEADR 242 | 442 | 252 | 452 0000 0000 0000 0000 uuuu uuuu
EEDATA 242 | 442 | 252 | 452 0000 0000 0000 0000 uuuu uuuu
EECON1 242 | 442 | 252 | 452 xx-0 x000 uu-0 u000 uu-0 u000
EECON2 242 | 442 | 252 | 452 |  ---- ---- | ---- ---— | m-om —---

Legend: u = unchanged, x = unknown,

hardware stack.
4: See Table 3-2 for RESET value for specific condition.

- = unimplemented bit, read as '0', g = value depends on condition.
Shaded cells indicate conditions do not apply for the designated device.

Note 1: One or more bits in the INTCONXx or PIRx registers will be affected (to cause wake-up).
2: When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the PC is loaded with the interrupt
vector (0008h or 0018h).
3: When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the TOSU, TOSH and TOSL are
updated with the current value of the PC. The STKPTR is modified to point to the next location in the

5: Bit 6 of PORTA, LATA, and TRISA are enabled in ECIO and RCIO Oscillator modes only. In all other
Oscillator modes, they are disabled and read '0’.
6: Bit 6 of PORTA, LATA and TRISA are not available on all devices. When unimplemented, they are read '0’.
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4.0 MEMORY ORGANIZATION

There are three memory blocks in Enhanced MCU
devices. These memory blocks are:

* Program Memory
¢ Data RAM
¢ Data EEPROM

Data and program memory use separate busses,
which allows for concurrent access of these blocks.

Additional detailed information for FLASH program
memory and Data EEPROM is provided in Section 5.0
and Section 6.0, respectively.

4.1 Program Memory Organization

A 21-bit program counter is capable of addressing the
2-Mbyte program memory space. Accessing a location
between the physically implemented memory and the
2-Mbyte address will cause a read of all '0’s (a NOP
instruction).

The PIC18F252 and PIC18F452 each have 32 Kbytes
of FLASH memory, while the PIC18F242 and
PIC18F442 have 16 Kbytes of FLASH. This means that
PIC18FX52 devices can store up to 16K of single word
instructions, and PIC18FX42 devices can store up to
8K of single word instructions.

The RESET vector address is at 0000h and the
interrupt vector addresses are at 0008h and 0018h.

Figure 4-1 shows the Program Memory Map for
PIC18F242/442 devices and Figure 4-2 shows the
Program Memory Map for PIC18F252/452 devices.

© 2006 Microchip Technology Inc.
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9.2 PORTB, TRISB and LATB
Registers

PORTB is an 8-bit wide, bi-directional port. The corre-
sponding Data Direction register is TRISB. Setting a
TRISB bit (= 1) will make the corresponding PORTB pin
an input (i.e., put the corresponding output driver in a
Hi-Impedance mode). Clearing a TRISB bit (= 0) will
make the corresponding PORTB pin an output (i.e., put
the contents of the output latch on the selected pin).

The Data Latch register (LATB) is also memory
mapped. Read-modify-write operations on the LATB
register reads and writes the latched output value for
PORTB.

EXAMPLE 9-2: INITIALIZING PORTB

CLRF PORTB ; Initialize PORTB by
; clearing output
; data latches
CLRF LATB ; Alternate method
; to clear output
; data latches
MOVLW OxCF ; Value used to
; initialize data

; direction

MOVWF TRISB ; Set RB<3:0> as inputs
; RB<5:4> as outputs
; RB<7:6> as inputs

Each of the PORTB pins has a weak internal pull-up. A
single control bit can turn on all the pull-ups. This is per-
formed by clearing bit RBPU (INTCON2<7>). The
weak pull-up is automatically turned off when the port
pin is configured as an output. The pull-ups are
disabled on a Power-on Reset.

Note: On a Power-on Reset, these pins are
configured as digital inputs.

Four of the PORTB pins, RB7:RB4, have an interrupt-
on-change feature. Only pins configured as inputs can
cause this interrupt to occur (i.e., any RB7:RB4 pin
configured as an output is excluded from the interrupt-
on-change comparison). The input pins (of RB7:RB4)
are compared with the old value latched on the last
read of PORTB. The “mismatch” outputs of RB7:RB4
are OR’ed together to generate the RB Port Change
Interrupt with flag bit, RBIF (INTCON<0>).

This interrupt can wake the device from SLEEP. The
user, in the Interrupt Service Routine, can clear the
interrupt in the following manner:

a) Any read or write of PORTB (except with the
MOVFF instruction). This will end the mismatch
condition.

b) Clear flag bit RBIF.
A mismatch condition will continue to set flag bit RBIF.

Reading PORTB will end the mismatch condition and
allow flag bit RBIF to be cleared.

The interrupt-on-change feature is recommended for
wake-up on key depression operation and operations
where PORTB is only used for the interrupt-on-change
feature. Polling of PORTB is not recommended while
using the interrupt-on-change feature.

RB3 can be configured by the configuration bit
CCP2MX as the alternate peripheral pin for the CCP2
module (CCP2MX="0).

FIGURE 9-4: BLOCK DIAGRAM OF
RB7:RB4 PINS
VDD
RBPU® Weak
;l:)o—| P Pull-up
Data Bus Data Latch
D Q
/0 pin
WR LATB
or CK™Y_
PORTB TRIS Latch
D Q
WR TRISB TTL
CK A Input 7 37
Buffer ST
y ) Buffer
RD TRISB
‘ :II
RD LATB Latch
ﬁ Q D
RD PORTB EN Q1
Set RBIF
Cfa o
RD PORTB
From other EN
RB7:RB4 pins Q3
RB7:RBS5 in Serial Programming mode

Note 1: 1/O pins have diode protection to VDD and Vss.

2: Toenable weak pull-ups, set the appropriate TRIS bit(s)
and clear the RBPU bit (INTCON2<7>).

Note 1: While in Low Voltage ICSP mode, the
RBS5 pin can no longer be used as a gen-
eral purpose /O pin, and should be held
low during normal operation to protect
against inadvertent ICSP mode entry.

2: When using Low Voltage ICSP program-
ming (LVP), the pull-up on RB5 becomes
disabled. If TRISB bit 5 is cleared,
thereby setting RB5 as an output, LATB
bit 5 must also be cleared for proper

operation.
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REGISTER 15-2:

bit 7

bit 6

bit 5

bit 4

bit 3-0

SSPCON1: MSSP CONTROL REGISTER1 (SPI MODE)

RWO RW-0 RW-0 RWO RW-0 RW-0 RW-0 RW-0
| wcoL | ssPov | SSPEN | CKP | sSPM3 | ssPm2 | ssPm1 | ssPMo
bit 7 bit 0

WCOL: Write Collision Detect bit (Transmit mode only)

1 = The SSPBUF register is written while it is still transmitting the previous word
(must be cleared in software)

0 = No collision

SSPOV: Receive Overflow Indicator bit

SPI Slave mode:

1 = A new byte is received while the SSPBUF register is still holding the previous data. In case
of overflow, the data in SSPSR is lost. Overflow can only occur in Slave mode.The user
must read the SSPBUF, even if only transmitting data, to avoid setting overflow
(must be cleared in software).

0 = No overflow

Note: In Master mode, the overflow bit is not set since each new reception (and
transmission) is initiated by writing to the SSPBUF register.

SSPEN: Synchronous Serial Port Enable bit

1 = Enables serial port and configures SCK, SDO, SDI, and SS as serial port pins
0 = Disables serial port and configures these pins as I/O port pins

Note: When enabled, these pins must be properly configured as input or output.

CKP: Clock Polarity Select bit

1 = IDLE state for clock is a high level
0 = IDLE state for clock is a low level

SSPM3:SSPMO0: Synchronous Serial Port Mode Select bits

0101 = SPI Slave mode, clock = SCK pin, @ pin control disabled, SS can be used as I/O pin
0100 = SPI Slave mode, clock = SCK pin, SS pin control enabled

0011 = SPI Master mode, clock = TMR2 output/2

0010 = SPI Master mode, clock = Fosc/64

0001 = SPI Master mode, clock = FOsc/16

0000 = SPI Master mode, clock = Fosc/4

Note: Bit combinations not specifically listed here are either reserved, or implemented in
I°C mode only.

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR 1’ = Bit is set 0’ = Bit is cleared x = Bit is unknown

© 2006 Microchip Technology Inc. DS39564C-page 127
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15.4 12C Mode

The MSSP module in 1°C mode fully implements all
master and slave functions (including general call sup-
port) and provides interrupts on START and STOP bits
in hardware to determine a free bus (multi-master func-
tion). The MSSP module implements the Standard
mode specifications, as well as 7-bit and 10-bit
addressing.

Two pins are used for data transfer:

¢ Serial clock (SCL) - RC3/SCK/SCL
¢ Serial data (SDA) - RC4/SDI/SDA

The user must configure these pins as inputs or outputs
through the TRISC<4:3> bits.

FIGURE 15-7: MSSP BLOCK DIAGRAM
(1>*C MODE)
<: Internal
Data Bus
Read ﬁ% Write
RC3/SCK/SCL ‘ SSPBUF reg ‘
lf\

2

Shift
Clock
SSPSR reg
MSb LSb

‘ Match Detect |—> Addr Match

ih

SSPADD reg |

X

RC4/
SDI/ ._|>
SDA

START and Set, Reset
STOP bit Detect [~ S, P bits
(SSPSTAT reg)

15.4.1 REGISTERS

The MSSP module has six registers for I2C operation.
These are:

* MSSP Control Register1 (SSPCON1)

* MSSP Control Register2 (SSPCONZ2)

e MSSP Status Register (SSPSTAT)

¢ Serial Receive/Transmit Buffer (SSPBUF)

* MSSP Shift Register (SSPSR) - Not directly
accessible

* MSSP Address Register (SSPADD)

SSPCON, SSPCON2 and SSPSTAT are the control
and status registers in I°C mode operation. The
SSPCON and SSPCON2 registers are readable and
writable. The lower 6 bits of the SSPSTAT are read
only. The upper two bits of the SSPSTAT are read/
write.

SSPSR is the shift register used for shifting data in or
out. SSPBUF is the buffer register to which data bytes
are written to or read from.

SSPADD register holds the slave device address
when the SSP is configured in 1°C Slave mode. When
the SSP is configured in Master mode, the lower
seven bits of SSPADD act as the baud rate generator
reload value.

In receive operations, SSPSR and SSPBUF together,
create a double buffered receiver. When SSPSR
receives a complete byte, it is transferred to SSPBUF
and the SSPIF interrupt is set.

During transmission, the SSPBUF is not double buff-
ered. A write to SSPBUF will write to both SSPBUF and
SSPSR.

DS39564C-page 134
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REGISTER 15-3:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

SSPSTAT: MSSP STATUS REGISTER (I°2C MODE)

RW-0  RMW-0 R-0 R-0 R-0 R-0 R-0 R-0
| smp | cke | DA | P | s | RW UA BF
bit 7 bit 0

SMP: Slew Rate Control bit

In Master or Slave mode:

1 = Slew rate control disabled for Standard Speed mode (100 kHz and 1 MHz)
0 = Slew rate control enabled for High Speed mode (400 kHz)

CKE: SMBus Select bit

In Master or Slave mode:

1 = Enable SMBus specific inputs

0 = Disable SMBus specific inputs

D/A: Data/Address bit

In Master mode:

Reserved

In Slave mode:

1 = Indicates that the last byte received or transmitted was data

0 = Indicates that the last byte received or transmitted was address
P: STOP bit

1 = Indicates that a STOP bit has been detected last

0 = STOP bit was not detected last

Note: This bit is cleared on RESET and when SSPEN is cleared.

S: START bit
1 = Indicates that a start bit has been detected last
0 = START bit was not detected last

Note: This bit is cleared on RESET and when SSPEN is cleared.

FVW: Read/Write bit Information (IZC mode only)
In Slave mode:

1 = Read

0 = Write

Note: This bit holds the R/W bit information following the last address match. This bit is only
valid from the address match to the next START bit, STOP bit, or not ACK bit.

In Master mode:

1 = Transmit is in progress

0 = Transmit is not in progress

Note: ORing this bit with SEN, RSEN, PEN, RCEN, or ACKEN will indicate if the MSSP is
in IDLE mode.

UA: Update Address (10-bit Slave mode only)
1 = Indicates that the user needs to update the address in the SSPADD register
0 = Address does not need to be updated

BF: Buffer Full Status bit

In Transmit mode:

1 = Receive complete, SSPBUF is full

0 = Receive not complete, SSPBUF is empty

In Receive mode: -

1 = Data transmit in progress (does not include the ACK and STOP bits), SSPBUF is full
0 = Data transmit complete (does not include the ACK and STOP bits), SSPBUF is empty

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR 1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
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15.4.3.2 Reception

When the R/W bit of the address byte is clear and an
address match occurs, the R/W bit of the SSPSTAT
register is cleared. The received address is loaded into
the SSPBUF register and the SDA line is held low
(ACK).

When the address byte overflow condition exists, then
the no Acknowledge (ACK) pulse is given. An overflow
condition is defined as either bit BF (SSPSTAT<0>) is
set, or bit SSPOV (SSPCON1<6>) is set.

An MSSP interrupt is generated for each data transfer
byte. Flag bit SSPIF (PIR1<3>) must be cleared in soft-
ware. The SSPSTAT register is used to determine the
status of the byte.

If SEN is enabled (SSPCON1<0>=1), RC3/SCK/SCL
will be held low (clock stretch) following each data trans-
fer. The clock must be released by setting bit CKP
(SSPCON<4>). See Section 15.4.4 (“Clock Stretching”),
for more detail.

15.4.3.3 Transmission

When the R/W bit of the incoming address byte is set
and an address match occurs, the R/W bit of the
SSPSTAT register is set. The received address is
loaded into the SSPBUF register. The ACK pulse will
be sent on the ninth bit and pin RC3/SCK/SCL is held
low, regardless of SEN (see “Clock Stretching”,
Section 15.4.4, for more detail). By stretching the clock,
the master will be unable to assert another clock pulse
until the slave is done preparing the transmit data.The
transmit data must be loaded into the SSPBUF register,
which also loads the SSPSR register. Then pin RC3/
SCK/SCL should be enabled by setting bit CKP
(SSPCON1<4>). The eight data bits are shifted out on
the falling edge of the SCL input. This ensures that the
SDA signal is valid during the SCL high time
(Figure 15-9).

The ACK pulse from the master-receiver is latched on
the rising edge of the ninth SCL input pulse. If the SDA
line is high (not ACK), then the data transfer is com-
plete. In this case, when the ACK is latched by the
slave, the slave logic is reset (resets SSPSTAT regis-
ter) and the slave monitors for another occurrence of
the START bit. If the SDA line was low (ACK), the next
transmit data must be loaded into the SSPBUF register.
Again, pin RC3/SCK/SCL must be enabled by setting
bit CKP.

An MSSP interrupt is generated for each data transfer
byte. The SSPIF bit must be cleared in software and
the SSPSTAT register is used to determine the status
of the byte. The SSPIF bit is set on the falling edge of
the ninth clock pulse.

© 2006 Microchip Technology Inc.
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= 0 (RECEPTION, 10-BIT ADDRESS)

I>C SLAVE MODE TIMING WITH SEN

FIGURE 15-10
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15.4.7 BAUD RATE GENERATOR

In 1°C Master mode, the baud rate generator (BRG)
reload value is placed in the lower 7 bits of the
SSPADD register (Figure 15-17). When a write occurs
to SSPBUF, the baud rate generator will automatically
begin counting. The BRG counts down to 0 and stops
until another reload has taken place. The BRG count is
decremented twice per instruction cycle (Tcy) on the
Q2 and Q4 clocks. In I°C Master mode, the BRG is
reloaded automatically.

FIGURE 15-17:

Once the given operation is complete (i.e., transmis-
sion of the last data bit is followed by ACK), the internal
clock will automatically stop counting and the SCL pin
will remain in its last state.

Table 15-3 demonstrates clock rates based on
instruction cycles and the BRG value loaded into
SSPADD.

BAUD RATE GENERATOR BLOCK DIAGRAM

SSPMS:SSPMO:} SSPADD<6:0>

SSPM3:SSPMO0 _‘/‘ Reload
SCL —p{ Control

Reload
—>

CLKO -—‘ BRG Down Counter [«—— Fosc/4

TABLE 15-3: 1°C CLOCK RATE W/BRG

Foy Fov*2 BRG Value Fsc®
(2 Rollovers of BRG)

10 MHz 20 MHz 19h 400 kHz"
10 MHz 20 MHz 20h 312.5 kHz
10 MHz 20 MHz 3Fh 100 kHz
4 MHz 8 MHz 0Ah 400 kHz(M
4 MHz 8 MHz 0Dh 308 kHz
4 MHz 8 MHz 28h 100 kHz
1 MHz 2 MHz 03h 333 kHz(")
1 MHz 2 MHz 0Ah 100kHz
1 MHz 2 MHz 00h 1 MHz(")

Note 1: The I°C interface does not conform to the 400 kHz I°C specification (which applies to rates greater than
100 kHz) in all details, but may be used with care where higher rates are required by the application.

2: Actual frequency will depend on bus conditions. Theoretically, bus conditions will add rise time and extend
low time of clock period, producing the effective frequency.
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15.4.17.1  Bus Collision During a START
Condition

During a START condition, a bus collision occurs if:

a) SDA or SCL are sampled low at the beginning of
the START condition (Figure 15-26).

b) SCL is sampled low before SDA is asserted low
(Figure 15-27).

During a START condition, both the SDA and the SCL

pins are monitored.

If the SDA pin is already low, or the SCL pin is already
low, then all of the following occur:
» the START condition is aborted,
¢ the BCLIF flag is set, and
* the MSSP module is reset to its IDLE state

(Figure 15-26).
The START condition begins with the SDA and SCL
pins de-asserted. When the SDA pin is sampled high,
the baud rate generator is loaded from SSPADD<6:0>
and counts down to 0. If the SCL pin is sampled low
while SDA is high, a bus collision occurs, because it is
assumed that another master is attempting to drive a
data '1' during the START condition.

FIGURE 15-26:

If the SDA pin is sampled low during this count, the
BRG is reset and the SDA line is asserted early
(Figure 15-28). If, however, a '1'is sampled on the SDA
pin, the SDA pin is asserted low at the end of the BRG
count. The baud rate generator is then reloaded and
counts down to 0, and during this time, if the SCL pins
are sampled as '0', a bus collision does not occur. At
the end of the BRG count, the SCL pin is asserted low.

Note: The reason that bus collision is not a factor
during a START condition is that no two
bus masters can assert a START condition
at the exact same time. Therefore, one
master will always assert SDA before the
other. This condition does not cause a bus
collision, because the two masters must be
allowed to arbitrate the first address follow-
ing the START condition. If the address is
the same, arbitration must be allowed to
continue into the data portion, Repeated
START or STOP conditions.

BUS COLLISION DURING START CONDITION (SDA ONLY)

Set BCLIF,

SDA=0,SCL =1.

SDA \

S bit and SSPIF set because

SDA goes low before the SEN bit is set.

_ — - - — —

SEN cleared automatically because of bus collision.

SSP module reset into IDLE state.

| Y SSPIF and BCLIF are
! cleared in software.

SCL ,
Set SEN, enable START |
condition if SDA =1, SCL=1 |

SEN |

SDA sampled low before l
START condition. Set BCLIF. v
S bit and SSPIF set because

BCLIF SDA=0,SCL=1.

S

SSPIF

L

SSPIF and BCLIF are
cleared in software.
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FIGURE 16-6: SYNCHRONOUS TRANSMISSION

Q1 |02|Qalo4icn |Q2|QG|Q4IQ1 |Q2|03|Q4'Q1 |Q2|03|Q4'o1 |Q2|Q3|Q4| |Q3|o4. a1 |02|Q3|Q4.Q1 |QZ|Q3|Q4|Q1 |02 |Q3|Q4'Q1 |Q2|QG|Q41Q1 |Q2|03|Q4!Q1 |Q2|03 |o4
RC7/RX/DT : X : bito > bit1 X bit2 ><j(:>< b7 : bito X il X GDCE
pin ' - L Word 1 — - Word 2
FcermxicK . o W W (
Write to ,—i : |—| c \ \ \ : o .
TXREG Reg Writle Word1 : Wri‘eIWordZ | 2 ' : ' : )) :
TXIF bit - ! ; : , : : : (¢ :
(Interrupt Flag) . l—.—l . : )()( . : ) .
TRMTb ] : | | (o : : : (T
| | \ \ pD) \ \ | ] pB) \
TXEN bit : : . ' (¢ : : : : §§ : 1
Note: Sync Master mode; SPBRG = '0'. Continuous transmission of two 8-bit words.

FIGURE 16-7: SYNCHRONOUS TRANSMISSION (THROUGH TXEN)

RC7/RX/DT pin X bio X bitd Xbitz 35 X wite X bit7

RC6/TX/CK pin /_\g / \ /T \

TXRV\EIE;%S j g)/
TXIF bit : (¢
' | )) :
TRMT bit _| g)(
(C
TXEN bit ))
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BRA Unconditional Branch BSF Bit Set f
Syntax: [label] BRA n Syntax: [ label] BSF f,b[,a]
Operands: -1024 <n <1023 Operands: 0<f<255
Operation: (PC)+2+2n— PC g < t[’ogg
E ’
Status Affected:  None ,
Operation: 1 — f<b>
Encoding: ‘ 1101 | onnn ‘ nnnn | nnnn ‘
o Status Affected:  None
Description: Add the 2’s complement number .
21’ to the PC. Since the PC will Encoding: ‘ 1000 | bbba ‘ ffff | ffff ‘
have incremented to fetch the next Description: Bit 'b' in register 'f' is set. If ‘@’ is 0
instruction, the new address will be Access Bank will be selected, over-
PC+2+2n. This instruction is a riding the BSR value. If ‘@’ =1, then
two-cycle instruction. the bank will be selected as per the
Words: 1 BSR value.
Cycles: 2 Words: 1
Q Cycle Activity: Cycles: 1
Q1 Q2 Q3 Q4 Q Cycle Activity:
Decode |Read literal | Process | Write to PC Q1 Q2 Q3 Q4
'n' Data Decode Read Process Write
No No No No register 'f' Data register 'f'
operation operation operation operation
Example: BSF FLAG REG, 7, 1
Example: HERE BRA Jump Before Instruction
. FLAG_REG =  O0x0A
Before Instruction ]
PC -  address (HERE) After Instruction
. FLAG_REG = O0x8A
After Instruction
PC = address (Jump)
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CLRF Clear f CLRWDT Clear Watchdog Timer
Syntax: [ label] CLRF f[,a] Syntax: [ label] CLRWDT
Operands: 0<f<255 Operands: None
ae[01] Operation: 000h — WDT,
Operation: 000h — f 000h — WDT postscaler,
17 1-T0,
Status Affected: ~ Z 1-PD
Encoding: ‘ 0110 | 101a ‘ FEEE | FEEE ‘ Status Affected:  TO, PD
Description: Clears the contents of the specified Encoding: ‘ 0000 | 0000 ‘ 0000 | 0100 ‘
register. If ‘a’ is 0, the Access Bank Description: CLRWDT instruction resets the
will be selected, overriding the BSR Watchdog Timer. It also resets the
value. If ‘@’ = 1, then the bank will postscaler of the WDT. Status bits
be selected as per the BSR value TO and PD are set.
(default). Words: 1
Words: 1 Cycles: 1
Cycles: 1 Q Cycle Activity:
Q Cycle Activity: Q1 Q2 Q3 Q4
Q1 Q2 Q3 Q4 Decode No Process No
Decode Read Process Write operation Data operation
register 'f' Data register 'f'
Example: CLRWDT
Example: CLRF FLAG_REG, 1 Before Instruction
Before Instruction WDT Counter = ?
FLAG_REG =  0x5A After Instruction
After Instruction WDT Counter = 0x00
FLAG_.REG = 0x00 WDT Postscaler = 0
TO = 1
PD = 1
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NEGF Negate f NOP No Operation
Syntax: [label] NEGF f[,a] Syntax: [ label] NOP
Operands: 0<f<255 Operands: None
a_e [0.1] Operation: No operation
Operation: (F)+1>f Status Affected:  None
Status Affected: N, OV, G, DC, Z Encoding: 0000 | 0000 | 0000 | 0000
Encoding: ‘ 0110 | 110a ‘ ffff | ffff ‘ 1111 | xxXxX | XXXX | XXXX
Description: Location ‘¥’ is negated using two’s Description: No operation.
complement. The result is placed in Words: 1
the data memory location 'f'. If ’a’ is Cveles: 1
0, the Access Bank will be ycles:
selected, overriding the BSR value. Q Cycle Activity:
If 'a’ = 1, then the bank will be Q1 Q2 Q3 Q4
selected as per the BSR value. Decode No No No
Words: 1 operation operation operation
Cycles: 1 £ |
xample:
Q Cycle Activity:
Q1 Q2 Q3 Q4
None.
Decode Read Process Write
register 'f' Data register 'f'
Example: NEGF REG, 1

Before Instruction

REG

= 0011 1010 [Ox3A]

After Instruction

REG

= 1100 0110 [OxC6]
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TABLE 22-6: CLKO AND I/0 TIMING REQUIREMENTS

Pa'\:gm' Symbol Characteristic Min Typ Max Units | Conditions
10 TosH2ckL |OSC1T to CLKO! — 75 200 ns |(Note 1)
11 TosH2ckH |OSC1T to CLKOT — 75 200 ns |(Note 1)
12 TckR CLKO rise time — 35 100 ns |(Note 1)
13 TckF CLKO fall time — 35 100 ns |(Note 1)
14 TekL2ioV |CLKOJ to Port out valid — — |0.5Tcy +20| ns |(Note1)
15 TioV2ckH |Port in valid before CLKO T 0.25Tcy +25| — — ns |(Note 1)
16 TckH2iol |Port in hold after CLKO T 0 — — ns |(Note 1)
17 TosH2ioV [OSC1T (Q1 cycle) to Port out valid — 50 150 ns

18 TosH2iol |OSC1T (Q2 cycle) to Port PIC18FXXX 100 — — ns

18A input invalid (I/O in hold time) [ 5|1 8LEXXX 200 _ _ ns

19 TioV20sH |Port input valid to OSC17T (I/O in setup time) 0 — — ns

20 TioR Port output rise time PIC18FXXX — 10 25 ns

20A PIC18LFXXX — — 60 ns |VDD =2V
21 TioF Port output fall time PIC18FXXX — 10 25 ns

21A PIC18LFXXX — — 60 ns |VDD =2V
221t |TINP INT pin high or low time Tey — — ns

23tt |TRBpP RB7:RB4 change INT high or low time Tey — — ns

241t |TRcpP RC7:RC4 change INT high or low time 20 ns

T These parameters are asynchronous events not related to any internal clock edges.
Note 1: Measurements are taken in RC mode, where CLKO output is 4 x TOScC.

FIGURE 22-7:

RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP

TIMER TIMING

Watchdog
Timer
Reset

Note:

VDD /
MCLR /

Internal
POR

PWRT
Time-out

:4—33—>'

- 30 >

32 .

0SsC
Time-out

Internal
Reset

1/0O Pins

Refer to Figure 22-4 for load conditions.

—» 34 -—
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FIGURE 22-9:

TIMERO AND TIMER1 EXTERNAL CLOCK TIMINGS

TMRO or
TMR1

Note: Refer to Figure 22-4 for load conditions.

TABLE 22-8: TIMERO AND TIMER1 EXTERNAL CLOCK REQUIREMENTS
Pi{gm Symbol Characteristic Min Max | Units| Conditions
40 TtOH TOCKI High Pulse Width No Prescaler 0.5Tcy + 20 — ns
With Prescaler 10 — ns
41 TtOL TOCKI Low Pulse Width No Prescaler 0.5Tcy + 20 — ns
With Prescaler 10 — ns
42 TtOP TOCKI Period No Prescaler Tcy +10 — ns
With Prescaler Greater of: — ns |N = prescale
20 nsorIcy +40 value
N (1,2, 4,..., 256)
45 Tt1H T1CKI High Synchronous, no prescaler 0.5Tcy + 20 — ns
Time Synchronous, | PIC18FXXX 10 — | ns
with prescaler | p|C18LFXXX 25 — | ns
Asynchronous PIC18FXXX 30 — ns
PIC18LFXXX 50 — ns
46 TtiL T1CKI Low Synchronous, no prescaler 0.5Tcy + 5 — ns
Time Synchronous, PIC18FXXX 10 — ns
with prescaler | p|C18LFXXX 25 — | ns
Asynchronous PIC18FXXX 30 — ns
PIC18LFXXX 50 — ns
47 THP T1CKIl input Synchronous Greater of: — ns |N = prescale
period 20 nsorIcy + 40 value
N (1,2,4,8)
Asynchronous 60 — ns
Ft1 T1CKI oscillator input frequency range DC 50 kHz
48 Tcke2tmrl | Delay from external T1CKI clock edge to timer 2 Tosc 7 Tosc| —
increment
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